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of Women in STEM Courses 
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Virginia S. Y. Kwan 

Arizona State University 

ABSTRACT 

Women are more likely to leave science, technology, engineering, and mathematics compared 
to men, in part because they lack similar role models such as peers, teaching assistants, and 
instructors. We examined the effect of a brief, scalable online intervention that consisted of a letter 
from a female role model who normalized concerns about belonging, presented time spent on 
academics as an investment, and exemplified overcoming challenges on academic performance 
and persistence. The intervention was implemented in introductory psychology (Study 1, N = 258) 
and chemistry (Study 2, N = 68) courses. Relative to the control group, the intervention group had 
higher grades and lower failing and withdrawal rates. 


The need for science, technology, engineering, and 
mathematics (i.e., STEM 1 ) professionals is greater than 
ever before; the number of STEM careers in the United 
States is forecasted to increase by 1 million by 2018, 
and 92% will require postsecondary education 
(Carnevale, Smith, & Melton, 2011; Carnevale, Smith, 
& Strohl, 2010). To meet this demand, American 
universities need to produce 100,000 additional gradu¬ 
ates in STEM fields per year (Holden & Lander, 2012). 
However, the United States ranks 27th in the proportion 
of STEM bachelor’s degrees awarded among developed 
countries (OECD, 2009; US Congress Joint Economic 
Committee, 2012). 

Dropout rates are significantly higher among STEM 
majors compared to other majors (Holden & Lander, 
2012; The National Academies, 2010; Tobias, 1990). 
Most students who leave STEM majors do so in the first 
2 years of college, partly because they perform poorly or 
lose interest after taking introductory courses (Holden 
& Lander, 2012). Many STEM fields emphasize chal¬ 
lenging introductory courses designed to “weed out” 
students early in their academic careers, a philosophy 
unique to these areas (Mervis, 2011; Seymour & Hewitt, 
1997; Suresh, 2006). The increased dropout rate among 
STEM majors may be attributable to low average grades 
typical of the sciences that may discourage students 
(Byars-Winston, Estrada, Howard, Davis, & Zalapa, 
2010; Stinebrickner & Stinebrickner, 2013) and, for 


women, to the lack of role models that sustain 
motivation to succeed in STEM fields. 

As compared to men, women are more likely to drop 
out of STEM majors (Strenta, Elliott, Adair, Matier, & 
Scott, 1994). Several psychological interventions have 
increased performance and persistence among female 
STEM students (Miyake et al., 2010; Shapiro, Williams, 
& Hambarchyan, 2013; Stout, Dasgupta, Hunsinger, & 
McManus, 2011; Walton, Logel, Peach, Spencer, & 
Zanna, 2015). Although previous interventions have 
shown promising results, they may be labor intensive 
(e.g., laboratory studies), be time consuming (e.g., long¬ 
term interventions), and have limited reach (e.g., in-class 
studies). The present research proposes an integration of 
several successful approaches and tests whether a brief, 
scalable, online intervention can provide academic 
benefits for female STEM students. 

One factor in the underrepresentation of women in 
STEM fields is that female students experience greater 
uncertainty and feelings of not belonging, making them 
unsure of their social bonds and sensitive to cues of 
rejection (Ethier & Deaux, 1994; Mendoza-Denton, 
Downey, Pur die, Davis, & Petrzak, 2002; Walton & 
Cohen, 2007; Walton et al., 2015). Past research 
demonstrates that limited representation of women, or 
subtle cues such as stereotypically male objects, 
decreases women’s feelings of belonging in STEM 
majors (Aronson, Quinn, & Spencer, 1998; Aronson & 
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Steele, 2005; Ceci, Williams, & Barnett, 2009; Cheryan, 
Plaut, Davies, & Steele, 2009; Davies, Spencer, & Steele, 
2005; Good, Rattan, & Dweck, 2012; Hyde, Lindberg, 
Linn, Ellis, & Williams, 2008; Inzlicht & Ben-Zeev, 
2000; Murphy, Steele, & Gross, 2007; Pronin, Steele, & 
Ross, 2004; Stockard & Wood, 1984). Indeed, women 
who have left STEM fields have cited an unwelcoming 
environment contingent on their underrepresented 
group identity (Seymour & Hewitt, 1997). 

For women in STEM, there is a lack of similar role 
models; men comprise the majority of STEM faculty at 
universities in the United States (National Science Foun¬ 
dation, National Center for Science and Engineering 
Statistics, 2013). This gender disparity may signal that 
women do not belong or cannot succeed in these fields 
(Walton & Cohen, 2007). The effects of these 
differences are evident in the gender breakdowns in 
tertiary education and beyond; as of 2012, women made 
up only 41% of doctoral degree recipients, 32% of 
postdoctoral fellows, and 37% of faculty in STEM fields 
(National Science Foundation, National Center for 
Science and Engineering Statistics, 2013). Thus, cues of 
limited representation may perpetuate the gender gap, 
as fewer women graduate students and faculty serve as 
role models for the next generation of women in STEM. 

Role models 

Role models are important for motivational processes 
because they help to indicate particular goals and to 
suggest the path that one should follow to achieve those 
goals (Collins, 1996; Lockwood & Kunda, 1997). Effec¬ 
tive role models must be perceived as competent (Marx 
& Ko, 2012; Marx, Monroe, Cole, & Gilbert, 2013) and 
of the same gender or ethnic group (Lockwood, 2006; 
Marx & Goff, 2005; Marx & Roman, 2002; McIntyre, 
Paulson, & Lord, 2003), and individuals must be aware 
of the role model's success in a mutual area of interest, 
although direct contact with a role model is not 
necessary (Marx & Roman, 2002). 

However, if a role model's achievements seem 
unattainable, it may result in a negative social com¬ 
parison (Collins, 1996). Lockwood and Kunda 
(1999) demonstrated that role models are effective 
when participants are primed with neutral infor¬ 
mation or are asked to think about their current 
academic selves; however, if participants are primed 
to think about their highest hopes for their future 
(i.e., their “best self'), the role model led to discou¬ 
ragement. The “best self' prime anchors participants' 
assessment of their own perceived ability and makes 
the role model’s accomplishments seem unattainable. 
Thus, it is important for role models to communicate 


that they have experienced challenges (e.g., Lin-Siegler, 
Ahn, Chen, Fang, & Luna-Lucero, 2016). 

Role model interventions improve performance by 
reducing concerns about representing one's group in 
a stereotyped domain and, therefore, inoculating 
participants from stereotype threat (Dasgupta, 2011; 
Dasgupta & Asgari, 2004; Davies et al., 2005; Marx & 
Goff, 2005; Marx & Roman, 2002; McIntyre et al., 
2003; Shaffer, Marx, & Prislin, 2012; Shapiro et al., 
2013; Stout et al., 2011). Exposure to a similar role model 
increases career motivation (Buunk, Peiro, & Griffioen, 
2007), identification (Ramsey, Betz, & Sekaquaptewa, 
2013), performance on GRE-like exams (Marx & 
Roman, 2002; McIntyre et al., 2003; Shapiro et al., 
2013), perceived success (Lockwood, 2006), academic 
and career aspirations (Nauta, Epperson, & Kahn, 
1998; Nauta & Kokaly, 2001; Shapiro et al., 2013), and 
reduced implicit self-stereotyping (Asgari, Dasgupta, & 
Stout, 2012). 

Exposure to stereotypical male role models has been 
shown to lower women's interest, belonging, and per¬ 
ceived success in STEM because of perceived dissimilarity 
(Asgari et al., 2012; Cheryan, Drury, & Vichayapai, 2013; 
Cheryan, Siy, Vichayapai, Drury, & Kim, 2011; Drury, 
Siy, & Cheryan, 2011). Exposure to a female STEM 
expert, however, increases women's STEM self-concept 
and implicit attitudes toward STEM (Stout et al., 2011). 
According to Drury et al. (2011), role models, regardless 
of gender, can recruit women into STEM (e.g., Baruch & 
Nagy, 1977; Cheryan et al., 2011; Downing, Crosby, & 
Blake-Beard, 2005; Lunneborg, 1982), but female role 
models are more effective at retaining female students 
(Barbercheck, 2001; Cheryan & Plaut, 2010; Schmader, 
Johns, & Forbes, 2008; Steele, 1997). 

A relevant role model could also help students 
connect hoped-for identities and the actions necessary 
to attain those identities (Oyserman & Destin, 2010; 
Oyserman, Terry, & Bybee, 2002). Absence of positive 
role models may make it difficult to envision attaining 
the benefits of a college degree. Research on Identity- 
Based Motivation (Oyserman, 2009) has illustrated that 
perceiving a strong connection with one's future self 
may enhance motivation. Role models may set examples 
for perseverance during difficult times (Oyserman, 
Bybee, & Terry, 2006). In addition, framing education 
as an investment has been shown to increase academic 
performance for middle school students (Destin & 
Oyserman, 2010). Furthermore, recent research has 
demonstrated that feeling connected to one's future self 
plays a pivotal role in the college context and has a posi¬ 
tive impact on academic achievement by directing atten¬ 
tion away from the present and toward the future, which 
promotes self-control (Adelman et al., 2016). 
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The story-editing approach and psychological 
interventions 

There is a growing literature on brief psychological inter¬ 
ventions designed to improve academic performance and 
persistence. Small psychological changes can yield large 
effects that persist over time (Walton, 2014; Wilson, 
2011; Yeager & Walton, 201 1). A variety of interventions 
have been empirically validated, including teaching 
incremental theories of intelligence (e.g., Aronson, Fried, 
& Good, 2002; Blackwell, Trzesniewski, & Dweck, 2007; 
Paunesku et al., 2015; Yeager et al., 2016), affirming 
values to buffer from stereotype threat (e.g., Cohen, 
Garcia, Apfel, & Master, 2006; Cohen, Garcia, Purdie- 
Vaughns, Apfel, & Brzustoski, 2009; Cook, Purdie- 
Vaughns, Garcia, & Cohen, 2012; Covarrubias, 
Herrmann, & Fryberg, 2016; Miyake et al., 2010; Walton 
et al., 2015), and enhancing belonging by changing 
attribution styles (Walton & Cohen, 2007, 2011; Walton 
et al., 2015; Wilson & Linville, 1982, 1985). Table 1 
provides a summary of the interventions that have used 
social-psychological frameworks to intervene in 
educational settings. These interventions share the 
assumption that changes in narratives (called the story¬ 
editing approach) from brief interventions can result in 
sustainable, positive benefits when individuals reframe 
narratives about themselves and their “story” in the 
world (Wilson, 2011). The interventions in Table 1 have 
been classified as focusing on attributions or belonging 
with academic performance outcomes (e.g., grade point 
average [GPA]). 

Attribution interventions 

Attribution theory proposes that when students are able 
to attribute poor performance to unstable factors (i.e., 
study strategy) rather than stable factors (i.e., ability), 
they have better outcomes. Wilson and Linville (1982, 
1985) recruited self-identified struggling college students 


to view videos of upperclassmen describing how their 
grades improved over time. In addition, the upperclass¬ 
men encouraged students to attribute poor grades to 
unstable factors rather than stable ones. Participation 
took place in a lab in two one-on-one visits (Wilson & 
Linville, 1982) or one visit in groups of four to six 
(Wilson & Linville, 1985). Compared to a control group, 
intervention participants had higher GRE scores, had 
higher GPAs, and were less likely to drop out of 
college 1 year later (Wilson & Linville, 1982, 1985). 

In a similar intervention, middle school students 
received an attribution intervention, a theories of 
intelligence intervention—where participants were 
taught that intelligence was malleable—or received both 
interventions as part of a course curriculum (Good, 
Aronson, & Inzlicht, 2003). Participants met with 
college-aged mentors twice and e-mailed for one sem¬ 
ester. Results demonstrated that girls in the intervention 
conditions had higher math scores on a state standar¬ 
dized test compared to those in the control condition. 
In addition, all intervention participants had higher 
reading scores compared to control participants. Thus, 
attribution interventions encourage students to attribute 
poor performance to malleable factors so that they 
can change their behavior in the future to improve 
performance. 

Belonging interventions 

Belonging interventions normalize feelings of not 
belonging and emphasize that such feelings are tempor¬ 
ary. In one belonging intervention, participants in a 1-hr 
lab study read surveys about how most students feel 
that they don’t belong initially and that those feelings 
dissipate over time (Walton & Cohen, 2007, 2011). Part¬ 
icipants were then videotaped giving a speech to lst-year 
students about how their worries about belonging in 
college had decreased (e.g., a “saying-is-believing” task). 


Table 1. Past belonging and attribution interventions methods. 


Study 

Intervention 

Methods 

Dependent variables 

Good, Aronson, and 
Inzlicht (2003) 

Attribution, 
theories of 
intelligence, or 
both 

As part of course curriculum, seventh-grade students communicated with 
a college mentor (25 mentors, 3-hr training session, 1 mentor per 6 
students) in-person (90 min, 2x) and via e-mail throughout the school 
year. 

Standardized test 

Wilson and Linville 
(1982) 

Attribution 

Lab study. Two visits, 1-on-1 with research assistant, watched videotape. 

No information on session length. 

GPA, GRE 

Wilson and Linville 
(1985) 

Attribution 

Lab study. One visit, Ps in groups of 4-6. Watched videotape. No 
information on session length. 

GPA, GRE 

Walton and Cohen 
(2007, 2011) 

Belonging 

Pre-questionnaire. Lab visit (3-10 days post questionnaire) to receive 
intervention and complete dependent measures (1 hr). Ps received $30 
for participation. 

GPA 

Walton et al. (2015) 

Affirmation or 
social-belonging 
intervention 

Pre-questionnaire. Forty-one classroom sessions (ranging from 1-on-1 to 
four participants per session). Completed belonging exercise or 
affirmation, saying-is-believing writing assignment (45-60 min). 

Ps received keychain to remind them of the intervention. 

Engineering GPA 


Note. GPA = grade point average; P = Participants. 
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Compared to a control condition, African American 
participants in the treatment condition had significantly 
higher GPAs for 3 consecutive years, were more likely to 
be in the top quarter of their class, and reported greater 
happiness and improved health after the intervention 
(Walton & Cohen, 2007, 2011). 

Another intervention by Walton et al. (2015) tested 
the belonging intervention among women in a com¬ 
petitive, male-dominated engineering program. In this 
intervention, lst-year students were invited to take part 
in research sessions held in engineering classrooms 
where they were given a social belonging intervention. 
The materials indicated that many incoming male and 
female engineering students feel that they do not belong 
and that these feelings dissipate with time. Participants 
then completed a written “saying-is-believing task” and 
received a keychain to remind them of the intervention. 
Female students in the intervention condition had sig¬ 
nificantly higher lst-year engineering GPAs compared 
to participants in a control condition. Thus, belonging 
interventions are effective because they train parti¬ 
cipants to perceive difficulties as normal and temporary. 
However, past attribution and belonging interventions 
have involved lengthy (45- to 90-min) lab visits or 
small-group classroom sessions with research assistants, 
thereby limiting their scalability. 

The present studies 

The present research tests an intervention that incorpo¬ 
rates themes from successful interventions in a narrative 
format that is delivered online. We extend existing 
approaches by providing a female role model who (a) 
normalizes poor performance and feelings of not 
belonging (e.g., Walton & Cohen, 2007, 2011; Walton 
et al., 2015; Wilson & Linville, 1982, 1985), (b) directs 
students to think about time and effort spent on 
academics as an investment for the future (e.g., Destin 
& Oyserman, 2010), and (c) serves as an example that 
similar others can overcome challenges to succeed 
(e.g., Lin-Siegler et al., 2016; Marx & Roman, 2002; 
Ramsey et al., 2013; Stout et al., 2011). This should be 
especially effective for women in STEM, who may have 
fewer role models. 

In contrast to previous psychological interventions 
that have employed time-consuming and expensive pro¬ 
grams that have limited reach (e.g., in-person laboratory 
studies, multiple sessions/longitudinal interventions, 
in-class studies, and/or individually tested; Good et al., 
2003; Miyake et al., 2010; Walton & Cohen, 2007, 
2011; Walton et al., 2015; Wilson & Linville, 1982, 
1985), the present study employs a brief (5-min), easy- 
to-implement online intervention that is scalable to 


large groups (Table 1). We examine the effects of 
the intervention on women’s course performance and 
DEW (grades of D or E/F, or W, course withdrawal) 
rate in introductory psychology (Study 1) and chemistry 
courses (Study 2). 

By studying women in psychology and chemistry 
courses, we can examine the generalizability of the 
effects of the intervention in courses in which women 
outnumber men and men outnumber women. Although 
course grade overlaps with DEW rate, course grade does 
not take into account students who withdraw from the 
course and does not focus on grades such as D and E, 
which require students to repeat the course or take an 
alternative course. Of importance, receiving a DEW 
makes students off-track and being off-track as lst-year 
students is associated with increased risk of dropping 
out from college (Tinto, 1993). 

Study 1 

The first study investigated whether reading a letter 
from a female role model who discussed the benefits 
of a college degree, feelings of not belonging, and 
attributions for poor performance would impact course 
grades and DEW rate for students in an introductory 
psychology course. Although women in this course were 
not numerically underrepresented, the course was char¬ 
acterized by low passing rates, is a common prerequisite 
for students, and had a male instructor; three of the 
four teaching assistants for the course were male. In 
addition, introductory psychology courses have been 
used in several studies investigating women in STEM 
(e.g., Cheryan & Plaut, 2010; Nosek, Banaji, & 
Greenwald, 2002). 

In the intervention condition, participants read a 
letter in which a graduate student discussed her experi¬ 
ences as a lst-year student in introductory psychology, 
thereby serving as a role model. Role models may be 
especially valuable for underrepresented students 
who lack access to similar individuals who have been 
successful in college. We hypothesized that students 
who read the role model letter would have higher course 
grades and a lower failure and withdrawal rate com¬ 
pared to students in the control condition. 

Methods 

Participants 

Two hundred fifty-eight female students (M age = 
18.42, SD = 1.16) in an introductory psychology course 
at a large southwestern university participated for extra 
credit. 2 The ethnic makeup of the sample was 31.8% 
European American, 27.1% Latino, 10.5% Asian or 
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Asian American, 24.8% African or African American, 
.8% Native American, .8% Middle Eastern, and 4.3% 
multiracial or other. Because this was the initial test of 
this intervention, there was no stopping rule; we sought 
to collect as much data as possible before the 7th week 
of the semester. 

Materials and procedure 

Following the first examination in the 5th week of the 
semester, the male instructor invited students via e-mail 
to participate in the survey on “experiences of college 
students” for extra credit. Participants completed the 
survey online through Qualtrics. Participants were 
randomly assigned to condition. In the role model 
condition, students were told that experimenters had 
asked a graduate student, Sarah, to write about her tran¬ 
sition to college. The intervention drew upon themes 
from successful past interventions, including attribution 
(i.e., “I studied hard for the first test, and felt like I did 
well on it, but when I got it back, my grade was much 
lower than I expected!”), belonging (i.e., “I remember 
thinking, c Why am I paying a ton of money to go to 
classes and spending all my time working on them, if 
I can’t even get good grades?’”), and emphasized the 
value of a college degree (i.e., “You are paying money 
now, but you get great bang for your buck; the value 
of a college degree across a life span is two million 
dollars!”). Finally, the role model served as an example 
of overcoming adversity to achieve one’s goals (i.e., “I 
am a graduate student now and even worked as a 
Teaching Assistant last year”) and once again normal¬ 
ized challenges at the beginning of college (i.e., “I saw 
a lot of students in office hours going through the same 
thing that I did in college”). Participants in the control 
condition proceeded to the demographic portion of the 
survey. Participation took approximately 5 min. 

At the end of the semester, with the participants’ 
consent (n = 240), course grades and DEW rates, which 
indicate whether a student is in good standing, were 
collected from the University Office of Institutional 
Analysis. Course grades were converted to a 4.0 scale, 
ranging from 0.0 (E) to 4.0 (A). 

Results 

First, we expected that participants in the role model 
condition would have higher course grades compared 
to those in the control condition. As expected, parti¬ 
cipants in the intervention condition had higher course 
grades (n = 120, M = 2.93, SD = 1.07) compared to part¬ 
icipants in the control condition (n = 120, M = 2.64, 
SD = 1.31). A d of .24 indicates that participants in the 
intervention group on average earned approximately 
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Figure 1. Effect of condition (intervention/control) on 
psychology course grade. 

one fourth of a standard deviation higher grade than 
participants in the control group, which is considered 
a small effect size (Figure 1). 

Second, we expected that participants in the role 
model condition would have a lower DEW rate com¬ 
pared to those in the control condition. The outcome 
variable was coded as follows: 0 = grade of A, B, or C ; 
1 = grade of D, E or W. The predictor was condition 
(0 = control; 1 = intervention). The odds of receiving a 
DEW were .24 to 1 in the control group (23 participants 
had a DEW and 96 did not) and .09 to 1 in the inter¬ 
vention group (10 participants had a DEW and 111 
did not). The odds ratio of .38 indicates that the odds 
of receiving a DEW in the intervention condition were 
62% less than in the control condition. 

Discussion 

As predicted, providing a role model who normalized 
poor initial performance and feelings of not belonging 
and stressed the value of a college degree enhanced 
course grades and decreased the DEW rate for women 
in an introductory psychology course, a nontraditional 
STEM course. Because psychology has more women 
role models than other STEM fields, our findings for 
women may be stronger in other disciplines. Therefore, 
in Study 2, we address this limitation by replicating 
the study in an introductory chemistry course, where 
women were numerically underrepresented. 

Study 2 

Study 2 sought to replicate and extend the findings of 
Study 1 with a sample of female students in a challenging 
introductory STEM course: general chemistry. We 
hypothesized that students in the role model condition 
would have higher grades and a lower overall DEW rate 
compared to students in the control condition. Further, 
we proposed that the effect of the intervention would be 
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stronger for women in chemistry than in psychology, as 
there are more stereotypes, greater underrepresentation, 
and fewer similar role models. 

Methods 

Participants 

Sixty-eight female students (M age = 19.91, SD = 2.83) 
from an introductory chemistry course completed the 
study for extra credit. 3 The ethnic makeup of the sample 
was 56.5% European American, 10.1% Latino, 8.7% 
Middle Eastern, 10.1% Asian or Asian American, 
4.3% Native American, and 7.2% multiracial or other. 
One participant did not report ethnicity. 

Materials and procedure 

After Exam 1 grades were posted during the 5th week of 
the semester, participants were invited by their male 
instructor to complete the survey through the online 
survey software Qualtrics. All procedures were identical 
to Study 1, except that “Psychology” was changed to 
“Chemistry.” At the end of the semester, with their 
consent (n = 65), participants’ course grades and 
DEW rate were collected from the University Office of 
Institutional Analysis. Course grades were ranked from 
0.0 (E) to 4.0 (A). 

Results 

First, we examined whether participants in the role 
model condition had higher course grades compared 
to those in the control condition. Once again, parti¬ 
cipants in the intervention condition had higher course 
grades (n = 29, M=3.01, SD = .55) than those in the 
control condition (n = 32, M = 2.40, SD = 1.16). The d 
of .66 indicates that participants in the intervention 
group on average earned approximately two thirds of 
a standard deviation higher grade than participants in 
the control group, which is considered a medium-to- 
large effect size (Figure 2). 

Second, we examined whether participants in the 
intervention condition would have a lower DEW rate 
compared to those in the control condition. The 
outcome variable was coded as follows: 0 = grade of 
A, B, or C; 1 = grade of D, E or W. The predictor was 
condition (0 = control, 1 = intervention). The odds of 
receiving a DEW were .28 to 1 in the control group 
(seven participants had a DEW and 25 did not) and 
.06 to 1 in the intervention group (two participants 
had a DEW and 31 did not). The odds ratio of .23 
indicates that the odds of receiving a DEW in the 
intervention condition were 77% less than in the 
control condition. 


3.5 



Intervention Control 


Figure 2. Effect of condition (intervention/control) on 
chemistry course grade. 

Discussion 

Study 2 revealed that, relative to the control condition, 
women in the intervention condition had higher course 
grades and lower DEW rates. This may be because the 
author of the letter was a woman who served as a similar 
role model and who normalized concerns about belong¬ 
ing and emphasized the value of a college degree. 
Research on women in STEM fields has indicated that 
they are aware of the stereotype about the gender gap 
in mathematical ability (e.g., Jones et al., 1984; Miyake 
et al., 2010; Nosek et al., 2002; Ramsey 8c Sekaquaptewa, 
2011; Steele, James, 8c Barnett, 2002). Thus, women in 
STEM fields may face an unwelcoming environment. 

General discussion 

The purpose of the present research was to propose and 
test the effects of a brief, online role model intervention 
on academic performance and persistence for women in 
introductory psychology and chemistry courses. Across 
two studies, we found that the intervention improved 
course grades for women (i.e., ds in psychology and 
chemistry of .24 and .66, respectively). Similarly, with 
respect to the odds of receiving a DEW, women bene- 
fitted from the intervention in psychology and in chem¬ 
istry (i.e., odds ratios of .38 and .23, respectively). These 
findings provide further support for the notion that 
brief psychological interventions can yield significant 
effects in educational contexts. 

Our proposed intervention built on the story-editing 
approach, which posits that people can redirect their 
narratives about themselves to lead to lasting behavioral 
changes (Wilson, 2011). These concepts are echoed by 
Yeager, Walton, and Cohen (2013), who suggested that 
psychological interventions complement traditional 
educational reforms and systematically enhance student 
achievement by changing subjective experiences of the 
academic environment, utilizing recursive processes 
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that reinforce the effects of brief interventions (see also 
Garcia & Cohen, 2012; Walton, 2014; Yeager & Walton, 
2011). These studies also add to a nascent area of 
research focusing on scaling up psychological interven¬ 
tions to benefit larger groups of students (e.g., Paunesku 
et al, 2015; Yeager et al, 2014; Yeager et al., 2016) 
by investigating the effects of a brief, scalable, online 
intervention on women’s performance in STEM. 

Given the stark statistics about the increased dropout 
of women in STEM, an important takeaway message 
from this research is that having female role models 
describe overcoming challenges, normalize feelings of 
not belonging, and emphasize the importance of a col¬ 
lege degree may be effective for increasing performance 
and persistence for women in these domains (e.g., 
Lin-Siegler et al., 2016). These role models need not 
be present so long as they are similar and successful 
in an area of mutual interest, consistent with past 
research (e.g., Marx & Roman, 2002). 

Three limitations of the present studies should be 
acknowledged and addressed in future research. First, 
because the intervention incorporated features from 
previous approaches (e.g., role models, belonging, attri¬ 
bution), it is not clear which of these approaches in the 
current intervention are responsible for the effects on 
course grades and DEW rates. The independent effec¬ 
tiveness of these approaches has been demonstrated in 
previous studies. Therefore, it was not the aim of the 
present research to test the independent effects of these 
approaches. It is also not valid to draw conclusions 
about the independent effects of these approaches after 
we substantially simplified their presentations to fit our 
present purpose. Our major goal was to integrate these 
approaches into a narrative and deliver a brief, online 
intervention that can be applied to a large population 
of students in the future. Furthermore, it should be 
noted that the intervention was compared with a 
nonsubstantive control group. 

Second, it is important to identify mediators of the 
effects of the intervention on academic performance 
and persistence. The present study did not examine 
any potential mediators of the effect on academic 
performance. Potential mediators may include STEM 
identification (Stout et al., 2011), feelings of belonging 
(Dasgupta, 2011), social integration (Shook & Clay, 
2012; Walton & Carr, 2012; Walton et al., 2015), or 
academic self-efficacy (Stout et al., 2011). Specifically, 
consistent with research from Stout et al. (2011), we 
may observe that exposure to a female role model 
increases implicit identification with STEM, which in 
turn may increase academic performance. In addition, 
we may observe that exposure to a female role model 
“inoculates” women in STEM, thereby increasing social 


belonging and buffering against stereotypes (Dasgupta, 
2011; Stout et al., 2011). Alternately, social belonging 
may increase female students’ social integration with 
others in their majors, which may improve performance 
(Shook & Clay, 2012; Walton & Carr, 2012; Walton 
et al., 2015). Another possibility is that exposure to a 
female role model increases academic self-efficacy, the 
belief that one is capable of succeeding in a given 
domain (e.g., Stout et al., 2011). 

However, as noted in a recent special edition of Basic 
and Applied Social Psychology , properly demonstrating 
mediation is challenging (Grice, Cohn, Ramsey, & 
Chaney, 2015; Kline, 2015; Tate, 2015; Thoemmes, 
2015; see also MacKinnon, 2008). Issues identified with 
mediation analyses include overreliance on the null 
hypothesis significance testing procedure (Kline, 2015; 
see also Trafimow & Marks, 2015, 2016), assumptions 
of modularity (Kline, 2015), emphasis on parameter- 
centered rather than person-centered analyses (Grice 
et al., 2015), and use of mediation in cross-sectional 
research without clear time precedence (Kline, 2015; 
Kraemer, Wilson, Fairburn, & Agras, 2002; MacKinnon 
& Fairchild, 2009; Tate, 2015). 

A third limitation is that the present study did not 
address whether there is an interaction with role model 
and participant gender. Future research would benefit 
from further examining how gender-matching of role 
models impacts grades. Specifically, do female students 
need a role model of the same gender to succeed in 
STEM majors? Drury et al. (2011) suggested that male 
role models can effectively recruit women into STEM 
fields but that female role models are necessary to retain 
these students. Another possible extension would be 
testing the effect of gender ratio of actual role models 
(e.g., instructors, teaching assistants) on performance 
and persistence of men and women in STEM courses. 

In conclusion, the present research tested a brief, 
online role model intervention that normalized feelings 
of not belonging, directed students to think about aca¬ 
demics as an investment, and provided an example of 
overcoming challenges to succeed. In two studies in 
psychology and chemistry courses, female participants 
who received the role model intervention had higher 
course grades and lower DEW rates, compared to 
control conditions. The magnitude of the intervention 
effects ranged from small (i.e., course grades in psy¬ 
chology) to medium-to-large (i.e., course grades in 
chemistry). As can be seen in Table 1, the present 
studies are among the first to test brief, scalable, online 
interventions that can be easily delivered to large 
numbers of students (e.g., as part of orientation, at the 
beginning of a challenging course). This research contri¬ 
butes to the growing body of literature suggesting that 
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brief psychological interventions can exert positive, 
long-term effects on academic performance. 

Notes 

1. Although definitions of STEM vary by institution, the 
National Science Foundation characterizes STEM fields 
as the academic and professional disciplines of science, 
technology, engineering, and mathematics, including social 
and behavioral sciences such as psychology, economics, 
sociology, and political science (American Psychological 
Association, 2010; National Science Foundation, Division 
of Science Resources Statistics, 2010). 

2. Male students were also invited to participate in the study; 
however, they were not the focus of this study and there 
were no differences in their performance by condition. 
Thus, the results are not presented here. 

3. As in Study 1, male students were invited to participate in 
the study; however, they were not the focus of this study 
and there were no differences in their performance by 
condition. Thus, the results are not presented here. 
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Appendix: Role model intervention letter 

We asked a graduate student, Sarah, to write about 
her transition to college and experience in taking 
Psychology/Chemistry. Below is the response. 

“My first semester of college was really hectic. I was 
in this new place, and everything was so different from 
my life before college. In addition to the big life change 
living away from home, I had to go to class, do the read¬ 
ings and homework. To put myself through college, I 
got a job, so I was also trying to determine how to divide 
my time between school, work, and social life. I took 
Psychology/Chemistry my first semester, and I went to 
most of the classes before the first test. I studied hard, 
and felt like I did well on it, but when I got it back, 
my grade was much lower than I expected! 

I remember thinking, “Why am I paying a ton of 
money to go to classes and spending all my time work¬ 
ing on them, if I canT even get good test grades?” I 
thought about leaving, but then I imagined what my life 
would be like without a college degree. My parents 
worked so hard, paycheck-to-paycheck, and wanted us 
to have more control over our lives than they did. So 
I kept reminding myself that the unemployment rate 
is much higher for people without a college degree. 
And yes, you are paying money now, but you get great 
bang for your buck; the value of a college degree across 
a life span is two million dollars! 

As they say, time flies; I graduated two years ago. I 
am a graduate student now and even worked as a 
Teaching Assistant last year. It is interesting to look 
back my experience in college, and then to work with 
students today. I saw a lot of students in office hours 
going through the same thing that I did in college. 
Hang in there, and good luck! 

Sarah” 


